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Abstract: Coal mining is one of the most hazardous industries, where workers are frequently exposed to
extreme conditions such as toxic gases, low oxygen levels, and structural collapses. This research
proposes the design and development of a Smart Helmet for Coal Miners to enhance safety through real-
time monitoring and alert mechanisms. The smart helmet integrates multiple sensors including gas
sensors (for methane and carbon monoxide), temperature sensors, humidity sensors, and accelerometers
to monitor the miner’s surrounding environment and physical condition. The system uses a
microcontroller and a wireless communication module (e.g., Zigbee/LoRa/Wi-Fi) to transmit data to a
central monitoring unit. If abnormal readings are detected, immediate alerts are triggered for both the
miner and the control room. This real-time safety system aims to reduce mining accidents, ensure prompt
responses, and improve the overall health and safety conditions of coal miners..

Keywords: Smart Helmet, Coal Miners Safety, Real-Time Monitoring, Gas Detection, IoT in Mining,
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L. INTRODUCTION

The Smart Helmet for Coal Miners Safety Monitoring System is a revolutionary solution to the global issue of accidents
and fatalities in the mining industry. It integrates IoT, real-time sensors, and wireless communication modules,
detecting hazardous gases, monitoring temperature and humidity, tracking health metrics, and providing a two-way
communication system for immediate alerts.Coal mining is a crucial global energy production and industrial
development sector, but it is also a hazardous profession due to hazardous underground conditions, including toxic gas
leaks, poor ventilation, extreme heat, coal dust inhalation, and structural collapses.The system uses real-time data for
predictive analytics, improving safety and operational efficiency.
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Figurel.l: Future Integration with Advanced Technologies
It's a miner-friendly helmet that combines functionality and simplicity, transforming workplace safety practices.The
Smart Helmet is a groundbreaking innovation in the mining industry, aiming to reduce workplace hazards and promote
a safer environment, demonstrating the potential of technology in enhancing safety and productivity.
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Coal mining is one of the most essential yet hazardous industries, playing a crucial role in energy production and
industrial development. However, underground mining environments pose numerous risks to miners’ lives due to the
presence of toxic gases, high temperatures, limited oxygen levels, poor visibility, and the risk of accidents like roof
collapses or equipment failures.

Figure 1.2: Smart Helmet for Coal Miners Safety Monitoring System
Traditional safety measures, such as manual checks and basic protective gear, are often inadequate in responding
promptly to these dangers. This system provides real-time data to a remote monitoring station, enabling quick decision-
making during emergencies. By issuing instant alerts when abnormal conditions are detected, the smart helmet
significantly reduces response time, thereby enhancing the overall safety and well-being of miners. Such innovation not
only helps in protecting human life but also supports the efficient operation of mining activities. By wirelessly
transmitting environmental and physiological data to a centralized monitoring system using technologies such as LoRa,
Wi-Fi, or GSM, this smart helmet enables immediate alerts in the event of unsafe conditions.
The Smart Helmet for Coal Miners Safety Monitoring System is a technological innovation aimed at transforming the
traditional approach to miner safety. This smart helmet integrates Internet of Things (IoT) technology, microcontrollers,
and a suite of sensors to provide continuous, real-time monitoring of underground working environments.
It is equipped to detect hazardous gases (such as methane, carbon monoxide, and smoke), measure temperature and
humidity, track the miner's posture and fall detection, and facilitate communication between miners and surface-level
control centers.With the advancement of technology, particularly in the field of IoT (Internet of Things) and embedded
systems, there is a growing opportunity to improve mine safety through automation and real-time monitoring. A Smart
Helmet for Coal Miners integrates multiple sensors to continuously track environmental conditions like gas levels,
temperature, and humidity, along with the miner’s location and movement.

II. LITRETURE REVIEW
Pradeep Karanje et al.,, IERJ, Volume 10, Issue 5, 2024. “Smart helmet for coal mines safety monitoring and
alerting”
The coal mine safety and monitoring project aims to enhance safety in coal mines by continuously monitoring critical
parameters like temperature, gas concentration, and water level. This, combined with remote communication
capabilities and alerting mechanisms, minimizes accident risks, improves response times, and enhances safety standards
within the crucial industry.

Mir Sajjad Hussain Talpur et al., IJCIC, Vol.13 No. 2 ,2021. “Smart helmet for coal mines safety monitoring
with mobile app”

Pakistan's coal reserves, primarily in Sindh, are rapidly expanding, but accidents are increasing due to a shortage of
competent workers and environmental constraints. This study aims to provide security for coal miners by creating smart
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helmets with sensors like removers, collision detectors, and gas detectors. The helmet is equipped with a Wi-Fi-based
monitoring system that communicates with trackers via Wi-Fi networks, sending alerts through buzzers and Cloud-
Based Monitoring. The data collected is used to map worker locations and ensure safety in coal mining operations.

T. Sowmya et al., JES, Vol 14 Issue 04,2023. “Smart helmet for mining workers”

The project aims to create a smart helmet for mining workers, incorporating multiple sensors, communication modules,
and emergency features. The helmet detects hazardous gases, monitors environmental conditions, triggers alerts,
displays real-time data, and sounds alarms. It also uses a GSM modem, GPS location tracking, and IoT communication.
The Blynk app allows remote monitoring of real-time data.

P. Roja et al., IISRSET, Volume 4, Issue 8,2018. “IOT Based Smart Helmet for Air Quality Used for the Mining
Industry”

A helmet has been developed to detect dangerous situations in mines, focusing on air quality and gas levels. The project
uses IoT technology to develop wireless sensor networks, real-time surveillance, and early warning intelligence on
harmful gases in mining areas. It also uses GPRS to monitor safety issues in coal production and emits alarms when
harmful gases are detected and a helmet is not worn.

M. Ramya et al., IIJSR, Volume 2, Issue 2, 2018. “Investigation and Design of Helmet for Coal Miners”

The project aims to design a wireless helmet for coal miners using ZigBee wireless mine supervising machines,
addressing safety issues in underground mines. The wearable device includes gas, temperature, oxygen, opguard,
ultrasonic, and ultraviolet sensors, continuously transmitting data to a remote monitoring unit.

Chandrashekar S et al., [JERT, Volume 5, Issue 22, 2017. “An Intelligent Ultrasonic Helmet System for Miner”
This project focuses on navigation in the Mining Industries using an ultrasonic rangefinder with tiny vibrating motors
mounted on the user's head. The microcontroller unit interfaces with a Darlington array to load vibrators, indicating
direction based on the ultrasonic sensor output. The vibrators indicate obstacle distance through a ZigBee transmitter.
The system also measures hazardous gas concentration levels and has a helmet button for identifying miners. The
prototype ensures 100% safety and security for miners in the mining industry.

Dr. Deepali S. Jadhav et al., CANA, Vol 32 No. 2 ,2025. “IoT Based Smart Helmet for Coal Mining and Safety
Monitoring System”

The coal mining sector faces occupational risks like exposure to poisonous gases and accidents. An IoT-based Smart
Helmet for Coal Mine Workers uses sensors to gather real-time data and send it to a centralised control system. This
innovative solution aims to promote safer and more environmentally friendly mining techniques in the coal mining
sector.

T. N. P. Madhuri et al.,, ICMPC, 2023. “Sustainable Smart Helmet For Coal Miners”

The "Sustainable Smart Safety Helmet for Coal Miners" paper uses an innovative monitoring system to improve safety
for coal miners. It uses an ESP32 microcontroller, sensors, and a buzzer to collect real-time data and send it to a mobile
app. The app provides miners with critical information about environmental conditions and vital signs, triggering alerts
when hazardous conditions are detected. This smart safety solution empowers miners with increased confidence and
security.

Dr. V Balaji Vijayan et al., IRIMETS, Volume:05/Issue:02, 2023. “A mobile app for a smart helmet for coal

mining safety monitoring”

India's coal reserves are expanding rapidly, but accidents and environmental restrictions pose significant threats to

miners. This study aims to provide a communication and security monitoring-based solution for coal mining. Smart

helmets with gas detectors, collision detectors, and removers are designed to ensure safety in underground mines. A
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Wi-Fi-based monitoring system is built inside the helmet, exchanging data with trackers via Wi-Fi networks. The Smart
Helmet Indicator takes necessary safety measures, notifying users via buzzer and cloud-based monitoring using
Arduino ESP32 tracker circuitry.

AyushKadukar et al., IRIMETS, Volume:06/Issue:04,2024. “Approach to design iot based smart helmet for coal
miners”

This research proposes an IoT-based smart helmet for coal miners to improve safety and efficiency in hazardous
underground environments. The helmet uses sensors to monitor environmental conditions, detect hazardous gases, and
provide real-time communication. The system enhances safety measures, improves emergency response times, and
optimizes productivity. The paper discusses system architecture, sensor integration, communication protocols, data
processing algorithms, and potential challenges, while also exploring the solution's scalability in other industrial
sectors.

S. R. Deokar et al, IJARCCE, Vol. 6, Issue 7, 2017. “Smart Helmet for Coal Mines Safety Monitoring and
Alerting”

The mining industry, particularly coal mines, faces hazards such as suffocation, gas poisoning, and explosions. To
ensure safety, a wireless sensor network is used to monitor underground mines, detecting harmful gases and
temperature. The system also provides emergency alerts to supervisors if miners fall down,and uses Zigbee technology
to transmit data from underground mines to base stations.

Lochan Bhangale et al., IJARCCE,Vol. 12, Issue 6, 2023. “Smart Helmet for Improving Safety in Mining.”

The mining industry faces hazards like cave-ins, debris, and gas exposure. Smart helmets, equipped with sensors,
cameras, GPS, and augmented reality, can detect potential hazards and alert workers. This study showcases a wearable
helmet monitoring harmful gases, temperature, humidity, and heart rate.

Aftab Mankapure et al., [JCRT, Volume 11, Issue 5, 2023. “IOT based mines safety helmet with multiple safety
feature”

Mining involves extracting minerals from the ground, with risks like methane gas causing accidents. To improve safety,
an IoT platform is used to monitor and regulate factors in coal mines, such as gas leakage and temperature conditions.
Sensors mounted on helmets continuously transmit data to the platform, alerting personnel if gas levels are low. This
helmet system aims to improve working conditions and worker safety.

B.Priyanka et al., IJCRT, Volume 10, Issue 7 ,2022. “Iot Based Smart Helmet for Mining”

The research focuses on developing a smart helmet system for mining industry applications, monitoring hazardous
events like temperature, humidity, gas, and helmet removal. The final design was tested in GuaTempering cave,
Malaysia, and the system's power was evaluated. Programming and troubleshooting were conducted on the helmet and
control room sections.

V. Sai Prasanna Kumar et al., [JEET, Volume 12, Issue 5, 2021. “A smart helmet for coal miners”

The smart helmet is a device that monitors safety standards for coal miners by detecting temperature, humidity, harmful
gas concentration, and vibration. It uses LoRa communication technology and GSM to send and receive information,
processed by an Arduino microcontroller. The device uses sensors like MQO02, DHT11, IR, and vibration to gather
parameters. The control room can take appropriate action, evacuate workers, or improve working conditions.

Subash Bala V.C et al., IJISRT, Volume 8, Issue 6, 2023. “Smart Helmet for Coal Mines Safety Monitoring with

Mobile App”

Pakistan's massive coal deposits, primarily in Sindh, are growing rapidly, but accidents and environmental restrictions

pose significant threats to miners. This study aims to provide a communication- and securlty-based mining solution,
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incorporating smart helmets with gas detectors, collision detectors, and removers. The helmet's Wi-Fi-based monitoring
system exchanges data with trackers via Wi-Fi networks, ensuring safety and preventing hazardous situations. The
Smart Helmet Indicator provides alarms and cloud-based monitoring, while Arduino-made ESP32 tracker circuitry
collects data for worker location mapping. This communication-based solution aims to save the lives of coal miners in
the mining industry.

Shruti P. Borkar et al., IIRESM, Volume-1, Issue-9, 2018. “IoT Based Smart Helmet for Underground Mines”
The proposed system aims to enhance security in underground mines by adding a network to sense environmental
conditions around miners. The system uses IoT to wirelessly update real-time values on the internet, allowing control
stations to provide early rescues if abnormal conditions occur. The system includes an LCD and buzzer to alert co-
workers of any unwanted events. It uses sensors like Gas, Humidity, Temperature, LDR, and IR, with the IR sensor
being used for helmet removal.

Prachi Sabale et al., [IJRPR, Vol 5, no 1, 2024. “IOT Based Mining Worker Safety Helmet”

The coal mining industry faces safety concerns due to frequent accidents. To address this, a wireless network
connection was developed to provide real-time data and alert authorities. The SMART HELMETS project aims to
provide a life preserver for underground mining workers. The helmet uses an [oT communication method to automate
measurement data and notify workers. The project uses an Arduino microcontroller and a server to establish a
successful wireless connection.

Er. S.R. Karthiga et al.,, [JRPR, Vol 5, Issue 3, 2024. “Smart Helmet Security System for Industrial Miners
Using Iot”

Greenpeace campaigns worldwide aim to stop coal mining and accelerate the transition to clean, safe renewable energy,
addressing the long-term environmental impacts of mining, including forced displacement, fires, subsidence, and
overused water supplies.

Mohit Hinwar et al., IRJET,Volume: 07 Issue: 03 ,2020. “Intelligent Helmet for Coal Mine Workers”

Mining workers face hazards due to exposure to hazardous gases. In case of emergencies, the protective cap signals for
an emergency response. To ensure safety, workers press the catch three times to illuminate the control room. Bolster
Vector Machines (SVM) is used to analyze gas levels.

Mr. M. Balaji et al., IRJET, Volume: 10 Issue: 05,2023. “Smart wearable safety jacket design for coal miners”
The Shrewd Security Coat is an IoT innovation designed to protect mining workers from hazards like gas blasts, fires,
explosive fatalities, poisoning, and earthquakes. It interfaces with sensors and is connected to a control room for remote
monitoring and emergency communication.

Mangesh Rudrawar et al.,, ICACC, 2022. “Coal Mine Safety Monitoring and Alerting System with Smart
Helmet”

This research presents a ZigBee-based wireless monitoring system for coal mines, detecting and transmitting critical
parameters like methane gas, high temperature, humidity, and fire. The system uses a smart helmet to transmit distress
signals in emergencies, display monitored variables on a user interface, and communicate with the control room. The
system is easily reprogrammable and has demonstrated reliability and stability in experiments.

Garima Tiwari et al., JETIR, Volume 5, Issue 5,2018. “Intelligent helmet for coal miners using zigbhee technique”
The project aims to design a wireless helmet for coal miners using ZigBee wireless technology. The system uses
sensors to monitor mine conditions like methane, carbon monoxide, temperature, and humidity. The data is displayed
on a central control room computer, enabling centralized management to take safety steps in real-time and prevent

disasters like suffocation and gas explosions.
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Prof. Yogesh Mali et al., IJARSCT, Volume 3, Issue 1, 2023. “Smart Helmet for Coal Mining”

The Coal Mining Helmet is a wearable device designed to provide protection to miners by alerting them to potential
hazards. The helmet module updates real-time information to the cloud, and it uses IoT to share and retrieve
information. The device includes sensors, an alerting mechanism, and a communication system to enhance miner
protection. The temperature and humidity sensor (DHT11) is used to measure temperature and humidity levels, which
can be fatal in mines. The system uses WSN technology, a network of sensors, to measure parameters and send alerts if
necessary.

Aim

The aim of the Smart Helmet for Coal Miners Safety Monitoring System is to enhance miners' safety by providing real-
time hazard detection, health monitoring, and communication, ensuring timely responses to emergencies and reducing
workplace risks.

Objectives

Enhance safety by detecting hazardous conditions such as toxic gases, high temperatures, and low oxygen levels in real
time.

Monitor miners' health by tracking vital signs like heart rate and fatigue levels.

Enable quick emergency response through precise location tracking and instant communication.

Improve operational efficiency by reducing accidents and providing proactive alerts.

Integrate advanced technologies like IoT and wireless communication for centralized monitoring.

Promote sustainable and modern safety practices in mining operations.

Problem statement

Coal mining is a high-risk industry where miners are exposed to dangers such as toxic gases, extreme temperatures, and
structural collapses. Existing safety measures lack real-time monitoring, personalized hazard detection, and effective
emergency response capabilities, leaving miners vulnerable to accidents and fatalities. The absence of continuous health
tracking and instant communication systems further hinders proactive intervention and timely rescue efforts,
emphasizing the need for an advanced safety solution.

II1. RESEARCH METHODOLOGY
Smart Helmet Design Process for Coal Miners
Requirement Analysis
Identifying safety and health needs of coal miners.
Analyzing existing safety systems and environmental conditions.
Determining key parameters for monitoring.

System Design
Designing a smart helmet with sensors, communication modules, and a power-efficient processing unit.
Prioritizing comfort, durability, and ease of use.

Prototype Development

Assembling hardware components into a prototype.

Integrating sensors for environmental and health monitoring.
Designing a communication system for real-time data transmission.
Embedding a GPS system for location tracking.
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Figurel.3: System Architecture

Software Development

Collecting and analyzing data from sensors.

Triggering alerts when dangerous conditions are detected.

Including a user interface for real-time monitoring and emergency communication.

Testing and Calibration
Extensive testing in controlled environments and real mining conditions.
Calibration of sensors for accurate gas levels, temperature ranges, and physiological metrics.

Evaluation and Improvement
Collecting feedback from mining personnel to evaluate helmet performance.
Identifying design flaws and system improvements.

Implementation
Ready for full-scale deployment in coal mining operations.
Conducting training sessions for miners and supervisors.

Monitoring and Maintenance
Continuous monitoring and regular updates to ensure system functionality.
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Figure 1.7: Class Diagram

The MQ-02 Gas Sensor is a highly versatile and widely used sensor for detecting various gases, including methane
(CH4), liquefied petroleum gas (LPG), and smoke. It is commonly used in applications such as gas leak detection,
environmental monitoring, and safety systems, especially in industrial and hazardous environments like coal mining.

Gas Detection: The MQ-02 can detect multiple gases, including:

Methane (CH4)
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Figure 1.8: MQO02 Gas Sensor Interfacing with Arduino
Tablel.1: Specification of MQ2 Gas Sensor

Parameter

Specification

Sensor Type

Gas sensor (MQ series)

Gas Detected

Methane (CH4), LPG, Smoke, Hydrogen

Detection Range

200 to 10000 ppm (parts per million)

Heating Resistance

319+ 10%

Resistance at 1000 ppm

10 kQ +30%

Sensor Output

Analog (Voltage) and Digital (Switching)

Operating Voltage

5V+02V

Power Consumption

150mA (heating element); SOmA (sensing)

Response Time

< 10 seconds

Recovery Time

<30 seconds

Temperature Range

-20°C to 50°C

Humidity Range

10% to 95% RH (Relative Humidity)

Dimensions

32mm % 22mm x 25mm

Lifetime

Over 5 years (with proper calibration)

DHT11 Sensor

Parameter

Specification

Sensor Type

Digital temperature and humidity sensor

Temperature Range

0°C to 50°C (Accuracy: £2°C)

Humidity Range

20% to 90% RH (Accuracy: +5% RH)

Operating Voltage

3.5Vto 5.5V

Power Consumption

2.5 mA (Active mode); 60 pA (Sleep mode)

Output

Digital (one-wire bus)

Sampling Rate

1 Hz (once per second)

Response Time

1-3 seconds

Dimensions

15.5mm x 12mm x 5.5mm

Size (Package)

4-pin single row (DIP)

Accuracy

Temperature: +2°C; Humidity: +5% RH

Lifetime

> 3 years (with proper care)
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The DHTI11 is a popular and widely used digital sensor for measuring temperature and humidity in various
applications, including environmental monitoring, home automation, and safety systems. It is especially useful in
systems like the Smart Helmet for Coal Miners Safety Monitoring System, where real-time monitoring of
temperature and humidity can help assess environmental conditions and ensure miners' safety.

Temperature and Humidity Sensing: The DHT11 sensor provides both temperature and humidity readings, which are
essential for monitoring the environmental conditions in coal mines.

Digital Output: It provides a direct digital output that is easy to read and process with microcontrollers like Arduino,
Raspberry Pi, or other embedded systems.

Low Power Consumption: The sensor consumes minimal power, making it suitable for battery-operated applications
like safety helmets.

Low Cost: The DHT11 is an affordable sensor, widely used in various low-cost projects and systems.

TechPonder Arduino

& Nuwmrooo
e P A

— OIBITAL Pyt~ & &
) ONO)_ .

umidty / Temparature (DHT11) Sensor interfacing to Arduino

Figurel.9: DHT11 Sensor Interfacing with Arduino
Table4.2: Specification of DHT11 Sensor

4.1.3 Infrared Sensor (IR Sensor)

The Infrared (IR) Sensor is an essential component in many safety and monitoring systems, including the Smart
Helmet for Coal Miners Safety Monitoring System. It is used for detecting proximity, motion, and environmental
factors based on infrared radiation. In the context of a smart helmet, it plays a crucial role in enhancing safety features
like motion detection, proximity sensing, and detecting obstacles or gases.

Proximity Sensing: IR sensors can detect the presence of objects or people nearby by measuring the reflection of
infrared light.

Non-Contact Detection: They work without physical contact with the object being detected, making them ideal for
hazardous environments where direct contact is not feasible.

Low Power Consumption: IR sensors are energy-efficient and often used in battery-operated systems like smart
helmets.

Wide Application Range: Used in various fields, including motion detection, temperature measurement, and safety
monitoring.
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Arduino Uno R3

Flame sensor

Figurel.10: Infrared Sensor Interfacing with Arduino
Tablel.2: Specification of IR Sensor

Parameter Specification

Type of Sensor Active Infrared Sensor
Detection Range 10 cm to 80 cm (typical range)
Operating Voltage 33Vto 5V

Power Consumption 10to 15 mA

Detection Angle 30° to 60°

Response Time <10 Ms

Output Type Digital (High or Low signal)

Operating Temperature

-20°C to 85°C

Dimensions

Varies by model, typically small and compact

Sensing Method

Reflective infrared light

Communication Modules
Communication modules are critical components in the Smart Helmet for Coal Miners Safety Monitoring System,
enabling the helmet to transmit and receive data in real-time. These modules allow miners to send alerts and updates to
a central monitoring system and receive notifications of hazardous conditions, ensuring both personal and group safety
in the mining environment.
Real-Time Data Transmission: Enables the helmet to communicate continuously with the control center, sending data

such as gas levels, temperature, humidity, and health parameters.

Wireless Communication: Utilizes wireless technologies, reducing the need for physical wiring and improving mobility

in the mine.
Low Power Consumption: Communication modules used in safety systems are typically designed for low power usage,
ensuring prolonged operation without frequent recharging.
Range and Coverage: These modules ensure communication over the required distance, even in underground
environments where signal strength can be a challenge.

Parameter Wi-Fi Bluetooth Zigbee LoRa GSM/GPS
(ESP8266/ESP32) | (HC-05/HC- (Xbee) (SIM900/SIM808)
06)
Operating 3.3Vto5V 33Vto 5V 3.3V to | 3.3V to | 3.4V to 4.4V
Voltage 3.6V 5V
Communication | 100 meters (open | 10 meters 10-100 Up to | Limited by mobile
Range area) meters 15 km | network
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(mesh (line of
network) | sight)
Data Up to 72 Mbps 3 Mbps 250 0.3-27 9600-115200 bps
Transmission Kbps Kbps
Speed
Power 50-200 mA 30-40 mA 50-100 20-30 50-250 mA
Consumption mA mA
Advantages High speed, easy | Low  power, | Low Long- Wide  coverage,
integration short range | power, range, SMS/voice support

communication | scalable, | low
reliable | power

Disadvantages Limited range | Short  range, | Lower Low Requires cellular
underground may not be | data data network
suitable for | speed, rate,
large mines network | requires
setup gateway

Tablel.3: Specification of Communication Modules

HE-46 Fluatonsh Moduls

-
T

10O

—
.

LN

Figurel.11: Communication Modules

Arduino UNO Controller

The Arduino UNO is a widely used microcontroller board that serves as the central processing unit (CPU) for many
embedded systems, including the Smart Helmet for Coal Miners Safety Monitoring System. It acts as the brain of
the helmet, managing inputs from various sensors (such as gas sensors, temperature and humidity sensors, and motion
detectors) and controlling outputs (such as alarms or communication modules) based on the data it processes.
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Figurel.12: Arduino Controller
Open-Source Platform: Arduino is an open-source electronics platform that makes it easy to program and prototype
hardware, making it an ideal choice for DIY projects and rapid development.
User-Friendly Development Environment: Arduino provides an easy-to-use IDE (Integrated Development
Environment) that supports C/C++ programming, making it accessible even to beginners.
Large Community Support: Being one of the most popular microcontroller platforms, Arduino has a large community
of users, which means a wealth of tutorials, libraries, and example projects are available.
Multiple Input/Output Pins: It offers numerous digital and analog I/O pins, making it suitable for integrating with

various sensors and actuators.

Tablel.13: Arduino Uno Controller

Parameter Specification
Microcontroller ATmega328P
Operating Voltage 5V

Input Voltage (Recommended) 7V to 12V

Digital I/O Pins

14 (6 can be used as PWM outputs)

Analog Input Pins 6

Clock Speed 16 MHz

Flash Memory 32 KB (of which 0.5 KB is used by bootloader)
SRAM 2KB

EEPROM 1KB

USB Interface USB 2.0

Power Consumption

50-100 mA (depending on connected peripherals)

Communication

UART, SPL, 12C
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Designing and Modelling

The Smart Helmet for Coal Miners Safety Monitoring System can be designed and modelled using Arduino, a popular
open-source platform known for its simplicity and versatility in building embedded systems. The system integrates
multiple sensors to monitor the health and environmental conditions of coal miners, ensuring their safety in hazardous
conditions. The Arduino microcontroller serves as the core of the system, controlling sensors and managing data
processing, alerts, and communication.

The design of the smart helmet begins with the selection of various sensors and components that will work together to
monitor the environment and the miner's health. The Arduino Uno or Arduino Nano is used as the central
microcontroller due to its compact size and processing power. For environmental monitoring, MQ series gas sensors
(such as MQ-7 for carbon monoxide, MQ-4 for methane, and MQ-135 for other gases) are integrated into the system to
detect toxic gases in the mining environment. Additionally, DHT11 or DHT22 sensors measure temperature and
humidity, which are critical for preventing heat stress and ensuring the miner’s comfort in harsh conditions.

For health monitoring, a pulse sensor (such as the MAX30100) is incorporated to track the miner's heart rate and
oxygen levels, while an accelerometer and gyroscope (such as the MPU6050) are used for detecting falls or sudden
movements, alerting the system to any potential accidents. Furthermore, a GPS module is added to track the miner's
location in the mine, ensuring that the control center can pinpoint their position in case of emergencies.

Data Collection and Processing

The Arduino microcontroller is responsible for collecting data from all the connected sensors. The sensors continuously
send data about the miner’s environment and health to the microcontroller. For example, the gas sensors provide real-
time data on the concentration of hazardous gases, and the pulse sensor monitors the miner’s heart rate. The Arduino
processes this data, checking whether it falls within safe parameters. If the values exceed predefined thresholds, such as
high levels of carbon monoxide or a sudden drop-in heart rate, the microcontroller triggers an alert.

The accelerometer and gyroscope monitor the miner’s movements. If a fall or sudden impact is detected, the system
immediately sends an alert to the central monitoring system. The data from the GPS module is used to determine the
miner’s exact location within the mine, which can be essential in coordinating rescue efforts in case of an emergency.

Communication and Alerts

For communication, Arduino interfaces with wireless modules like Wi-Fi (ESP8266), Zigbee, or LoRa to transmit real-
time data to a remote monitoring station. The wireless communication ensures that the miner’s safety data is
continuously transmitted, allowing mine supervisors to monitor conditions and respond quickly to any hazardous
situations. The data is sent to a cloud server or central computer, where it can be visualized in real-time through a
graphical interface.

When unsafe conditions are detected, such as the presence of dangerous gases, abnormal health readings, or a fall, the
Arduino triggers alerts on both the helmet and the central monitoring system. The miner will receive an alert via a
buzzer or vibration motor integrated into the helmet, notifying them to take immediate action. Simultaneously, the
control room receives a notification, enabling supervisors to intervene or dispatch emergency personnel.

Power Management

Since the helmet needs to operate in a mining environment for long hours, power management is crucial. The Arduino
system can be powered by a rechargeable battery pack that provides sufficient power to the sensors, microcontroller,
and wireless modules. To maximize battery life, the system is designed to enter a low-power state during periods of
inactivity. Additionally, power-efficient sensors and communication modules are chosen to extend the operational time
of the helmet.

System Modeling and Integration

Using Arduino’s integrated development environment (IDE), the entire system is programmed to collect, process, and

transmit data. The Arduino code is written to define the logic for sensor readings, threshold values for alerts, and
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communication protocols for data transmission. The system can be modelled on a breadboard or PCB (Printed Circuit
Board) for a more compact design, with all components, such as sensors, the Arduino microcontroller, and
communication modules, connected and integrated.

The design is tested iteratively to ensure that all components function as expected, and the helmet responds to
hazardous conditions in real time. Once the hardware and software components are integrated and tested, the system is
ready to be deployed in real-world mining environments, where it will provide continuous monitoring and improve the
safety of coal miners.

Using Arduino for the design and modeling of the Smart Helmet for Coal Miners Safety Monitoring System allows for
a flexible and scalable solution to address the critical safety needs of miners. The combination of environmental
monitoring, health tracking, and real-time communication ensures that miners are always monitored for hazardous
conditions, allowing for quick responses and reducing the risk of accidents. The low-cost and customizable nature of
the Arduino platform makes it an ideal choice for developing such systems, providing an affordable yet highly effective
safety solution.

4.2.1 Arduino Uno

The Arduino Uno is one of the most popular microcontrollers used in electronics projects, known for its simplicity,
versatility, and ease of use. It serves as the foundation for many embedded systems, including robotics, automation, and
IoT applications. The Arduino Uno is based on the ATmega328P microchip and is designed for easy integration with
various sensors, actuators, and communication modules.

Specifications of Arduino Uno

Here’s a detailed specification of the Arduino Uno in table format:

Feature Specification

Microcontroller ATmega328P

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)

Analog Input Pins 6

DC Current per I/0 Pin 20 mA (recommended)

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328P), of which 0.5 KB is used by bootloader

SRAM 2 KB

EEPROM 1 KB

Clock Speed 16 MHz

LED_BUILTIN Pin 13 (used to indicate the operation of the board)

UART (Serial Communication) | 1 (used for communication via USB to a computer or other serial devices)
SPI (Serial Peripheral Interface) | 1 (allows for communication with other SPI devices like SD cards, displays, etc.)
12C (Inter-Integrated Circuit) 1 (enables communication with multiple devices using only two wires)
USB Connection Type B USB connector for programming and serial communication
Power Supply USB or external power supply (7-12V recommended)

Properties of Arduino Uno

Ease of Use: The Arduino Uno can be programmed using the simple and intuitive Arduino IDE, which makes it
accessible to beginners and professionals alike.

Open-Source: The Arduino Uno hardware and software are open-source, allowing users to modify and customize the
system.
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Versatile I/O: The board offers a variety of input/output options such as digital I/O, analog inputs, and PWM outputs,
allowing it to interface with a wide range of devices.

Integrated USB Interface: The Arduino Uno has an onboard USB-to-serial converter, making it easy to upload
programs directly from a computer to the board via USB.

Real-Time Operation: Arduino Uno operates in real-time, allowing it to interact with sensors, motors, and other
devices without significant delays.

Low Power Consumption: When used in low-power modes, the board consumes minimal power, making it suitable
for battery-operated applications.

Compatibility with Shields: The Arduino Uno can be easily expanded with a variety of "shields" (additional boards
that add specific functionality such as motor control, Wi-Fi connectivity, etc.).
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Figure4.6: Arduino IDE
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VI.CONCLUSION

The Smart Helmet for Coal Miners Safety Monitoring System presents a forward-thinking solution to one of the most
pressing challenges in the mining industry—ensuring the health and safety of miners in harsh and hazardous
underground environments. By leveraging IoT technology, embedded systems, and wireless communication, the
proposed helmet system provides real-time monitoring of environmental conditions and miner status, enabling early
detection of potential threats such as toxic gas leaks, extreme temperatures, and physical accidents like falls.The
integration of multiple sensors into a single wearable unit makes this system highly practical and efficient for daily use
in mining operations. Furthermore, the automatic alert and data transmission functionality ensure that both miners and
control room supervisors are promptly informed of dangerous conditions, significantly improving response time and
decision-making during emergencies.

This innovation goes beyond conventional safety practices by introducing intelligent automation into personal
protective equipment, transforming passive gear into an active life-saving device. The successful implementation of this
system could lead to a significant reduction in mining-related fatalities and injuries, and serve as a model for other high-
risk industries.In conclusion, the Smart Helmet system not only enhances safety but also represents a major step toward
digitizing the mining sector and moving toward a smart, sustainable, and safer future for industrial workers.

Future Scope

The future of smart helmets could involve integration with advanced IoT technologies, machine learning for predictive
analytics, Augmented Reality for real-time navigation, energy harvesting for extended battery life, and expanded sensor
integration. These technologies could enable real-time monitoring of health and safety issues, provide early warnings
for health conditions, and enable remote access to miner data. The helmet could also be customized for use in
hazardous work environments like construction sites, oil rigs, and fire-fighting. Additionally, future iterations of the
smart helmet could be integrated with smart mining equipment, such as automated drills, trucks, and ventilation
systems, to improve operational efficiency and safety monitoring. This could lead to global adoption and customization
in various industries.

Limitations

Smart Helmet Challenges in Mining

Relies on battery power, potentially limited in remote mining.

High integration costs for sensors, wireless communication modules, and advanced technologies.
Environmental interference can affect sensor performance.

Complex installation and calibration can be time-consuming.

Potential for data overload for supervisors.

Instable or unavailable network connectivity affects real-time monitoring.

Weight and size may reduce comfort for miners.

Integration of IoT and cloud technologies raises security and privacy concerns.
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